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∆Wk = Wtk+1 −Wtk
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(∆Wmk )1≤m≤M











­E3ﬃFEH	QE ﬁﬂ´ Qﬃ Eﬃﬁ4K5¡	ﬃFE ﬀaK6"ﬁ EN5G





→ A , JNhU, [^fW hKJ ,Ch f A<h U ¶S%SVW ,£Sﬀe` .  g]¦2 [_W.,CUQW , tk < T  ³E		ﬃﬂMN







N¨6!ﬁ dEﬃ  ﬃﬂcD
(αMl,k)0≤l≤1







{(Y N,I,I,M,mtk+1 + hf(tk, XN,mtk , α0.p0,k(XN,mtk ), α1.p1,k(XN,mtk ))
































 !QﬁVDK6K67)	ﬁ N )ﬀ HEﬃﬁ K6cﬃ ﬃﬂKLN




ﬁ EJﬁ "!}¥cﬁ D£E! !=D EMN
ﬁﬂ EJN
tk






±  EJﬃﬁ K6Dﬁ ¡$EﬃﬂKLN¬! ﬁ ﬃﬂﬁ  ! ﬀaD·ﬁﬂ¬!PD£EJNC
!5ﬃﬂE:	Eﬁﬂ"´	ﬃﬂ!Dﬁ 	ﬁ 
±  EJﬃﬁ K6!¡ﬃﬂE:	QEJﬁ "´´ 	N
EﬃﬂK6N%ﬀaK6"E!:G
→ AWb[ , [aUQ]^[ .U), [ fW ¨"/	 αM0,N .p0,N (·) = φ(·)































































	ﬃ K6 EJﬁﬂ'!¡D·PEﬃﬁ K6Dﬁ ! ﬁ ﬃﬂﬁ ¬¡ﬃﬂVDEﬃﬂﬁ EJﬁ '!¡ﬃ# °7­
¸
³ 	_) E¬EJﬁﬂﬁ
MN! ﬀaD·ﬁ !"DEJ<¯3NC!5ﬃFEH	QE ﬁﬂ´´ 		ﬃﬂ!¡	Dﬁﬂﬁ 
±Y"	QEJEK6!:D"! EJﬃﬁ K6¡ﬃ H	E"!)KL	
h = T
N
 ﬃﬂ)D ﬁ ®!¡E
! ﬀaDﬁ "·ﬃﬂ:KH:!:E D·ﬁ 
I=N·¤¦ª¬Eﬃ 
M
Y­E¡ﬃFE'	QE ﬁ :´ YEQEJﬃ ¤
	ﬁ KLNﬃﬂﬁﬂ¬¦V	! 	3ﬃ ¡	KLﬁ 3EJﬃﬁ K6±  ! !
h
 HL!QE)ﬃ 6 KLL´  }MNﬁd
!ﬁ Yg)E		EH
!)ﬃ EJ!
 QE) 	   QE    \MN}D·})H! !
√
h
!E)ﬃ LDE)gﬃﬂE=D!ﬁ ﬁﬂ K6ﬁﬂQEﬃ 
Φ(X)









	aﬁ ﬀ	J) Q´  
·´  <¥7ﬁﬂ$Qﬃ# 3!
E@D ﬁ 
!6QEJ5! ﬀaD·ﬁ :LEQEJﬃ V/!QE5ﬃ - KL/´    ﬃ  ﬁ 5MN/D·=
 )KLE5	QEJﬃFE-K6KL5! 
!L	D·ﬁﬂ
E ﬁ EN!6!ﬁﬂD·ﬁ EJﬁﬂG¶D  
ﬃﬂ6D£EJ)ﬃﬂ6	ﬃﬂ ﬀ^E£EJﬃﬂ6MN}ﬃ# 	TJEﬁ )	HDE
ﬃFE=		QEEJﬁ !Lﬃ# 
!'E
ﬀaD·ﬁ c!3Eﬃ K6 EJ!!ﬁ ﬁ ¬d ﬀ	ﬃﬂ3	QEdE*ﬀac !¡K6!3ﬃ ﬁ EJﬁ 
·EJ!:!5ﬃ# Eﬃﬁ K6 v°c)¶EQEJﬃ V¡ﬃ# "!6Eﬁ K:ﬃFEﬁ %!'EC







!Lﬃ# ﬁﬂ)Qﬁ<Eﬃ 7MNﬃ K63´    }ﬃ EJ




! ﬀaDﬁﬂ¬!"QE"ﬁﬂﬃ ﬁ ¬!E¬ﬃ# Eﬃﬁ K6V±  EVDﬁﬂEJﬁ }!"Dﬃ  EJ ﬀaﬁ  
DN ﬃ "!¡ﬃ# ﬁﬃ QEﬃ DK6KLﬁ !QEJ3ﬃ EJﬃﬁ4K6
­EdﬃFE	QEJﬁ ´´ dEQEﬃ Vcﬃﬂ!ﬀﬁﬂKLEﬃﬁ K6¬MNﬁQ7	KL·d!dﬃ 
ﬃ  EJ¬!¬K6´  "´  )! EK6ﬃﬂﬁ  E!K6Nﬃ ¬ﬃ  E¬!-K6´  
5 ﬀaﬁ EJNc!c7!	!ENd	ﬃ c!7K6K6 ! ﬀaD·ﬁ  !QEKLEﬁ 




3ﬃﬂKH"!%ﬀaD·ﬁ !¡QE	3EJﬁ !¡	Dﬁﬂﬁﬂ/!ﬁﬂ 
­E ﬃFE	QEJﬁ 3´´´ V	N¬! ﬃ  EDKL	ﬃ K6 Eﬁ  !
D}ﬀ	!E ﬃ 




ﬃﬂ ﬀﬁ d!DNﬂD!ﬃﬂE!ﬁ DﬁﬂEﬁﬂ:5K6	c!d!QE









D QE	ﬁ : Eﬃﬂﬁ Pﬃ 






ª DﬁDﬁ 6!DLgKHﬃ L!LEgﬃ  E
	K6E)!6Eﬁ ¡ﬃﬂ6DE
!










°c)Q !QE¡ﬃﬂE-	EﬁﬂHVK6ﬁﬂMN Y"¡¡! E! ﬃﬂ¡ﬃ EJ"V!QEJ¡ﬃFE
	QE ﬁ ´´·ﬁQVK6ﬁﬂMNKLNﬃ# ﬀﬁﬂ D
!








N	QE7ﬁQﬀﬃ EJﬃﬁ4K63D 	QE$V°c}NK6NdMNﬃ 7ﬃ EJ









¯ $EﬃﬂKLNﬃ ﬃ  EN !QEﬃFE	QEJﬁ 3´´´c	ﬃﬂ3D£E! 	ﬁ EK6·¤




´´´  ±Y)	K6ﬁﬂ "E)P)K6V!)!)	QEﬃﬂﬁ EJﬁﬂ
ﬁﬂﬃﬂﬁ 5!QE   °7²¡²¡¥ + M E 	
K6Nﬃ  ﬀﬁﬂD}·)ﬃ# ﬁﬂDﬁ 5!LﬃFE=ﬃﬂﬀﬁﬂ !@}°d­¤
¸
³3³·3ﬃﬂ"D!@3QE¡K6V!¡!¡$ﬃFEﬁﬂEJﬁ -		!QE   §ª  °d²¡ #
±  ﬀﬁﬂﬃ ﬁ Eﬁ -NK6ﬁ MN"!¡D3ﬁﬂ!!:¡DEﬁﬂEDﬃ ﬃﬂ"·3ﬃ ﬃ  EJV¤
VNK6ﬁ MNK6K6NN¬ﬃﬂ ﬁﬂ  °c)Q!QE¬ﬃﬂPD QE	ﬁ  EﬀEQEJ!
ﬃFE)	QE¡!" VKLEJﬁ MN!D QE	ﬁ 	D!3	¬Eﬁ  !DEﬁ NEJN




	¡Eﬁ ¡D£E!5JEJﬃﬂﬁﬂEﬁ  ! 	ﬁﬂﬃﬂ:K}ED 6ﬃﬂDﬁﬂMN6ECD6ﬃﬂ5K6V!ﬃﬂ
ﬀ^ED·ﬁﬂﬃQ	ﬃ DNEJ ﬀa ¬EJ!ﬀ¥cﬁ dJEﬃ ﬁ d	ﬁ L!QE ﬃﬂ3DE ! '!ﬁT·¤
Nﬁﬂﬃ! E 5! ﬁﬂ  d·7ﬁQdMN3ﬃﬂE"6ﬃﬂﬁﬂ£Eﬁ ¬!
f
ﬁﬂ!ﬁ ¬	QEcﬃﬂc EJ5! ﬁﬂ  
!ﬁ E- ﬃcﬁﬂK6	QEJD"¡ﬃﬂ:	ﬁ!6ﬃ 	ﬁ  ¯"EJﬁ "Eﬃ K6¡ﬃ :D£E¡! 
	ﬁﬂ EJﬁFEﬁﬂMN-	6K6:DK6KLN5ﬁﬂﬃ ﬁ :ﬃ# Eﬃﬁ K6'	5Eﬃﬂﬁﬂ:=	ﬁ 
	QEJﬀ¤ !	! d)QLﬃ DEd! 3	ﬁﬂ6EJKLﬁ D£Eﬁ ¬L!ﬁ KLﬁ 
3
	7K6cﬃ# ﬁﬂK:¤
	QED·3!¡ﬃFEH!ﬁ KLﬁ -!QEﬃ# Eﬃﬁ K6 
ª  EJﬃﬁ K6¬dKHﬃ 	N!ECENEd	QE7E		 E6E		VD d		
	D!K6K6!QE3ﬃﬂE:ﬃ ﬁ EJ





DKLK6D6	E!ﬁﬂD·ﬁﬂK6		_ E	ﬁﬂ¡gEJ		VD 6ﬃFE-ﬃ ﬁ  !6D·L!ﬁﬂDﬁ4¤
Eﬁﬂ®	QEP Eﬃﬁ K6·E! v¯3HEﬃﬁ K6H!ﬁTDﬁﬂHEﬃ 	QEPﬃFELK}EJﬁﬂ








N±YDV6Dﬁ !33E		 ﬀﬁﬂKLEJﬁ :dDdQEN7
Lﬃ JEJNdLﬁﬂK6	ﬃﬂ¬	ﬃﬂKL!KLﬁ !cD£EE3
M
E D·ﬁ I@·¤¦ª¬Eﬃ 
¯JHEﬃﬁ K6H!ﬁﬂ ﬁ )Eﬃﬂ!   E
 
 D£EPﬁﬂﬃ\ "ﬃﬂﬃ K6ﬁ KL	ﬃﬂK6 Eﬃﬂ!
  §  
 
7	QE¡E=ﬁﬂK6	ﬃﬂﬁ Dﬁ :! ﬁﬂﬃﬂﬁ EJﬁ 1	^	¡!
K6V!ﬃ ﬁﬂEJﬁ !
X
 Eﬃ  
E







!¡D QEMN3ﬁﬂ E7!3!ﬁﬂD·ﬁﬂEJﬁ :ﬁ dE5Eﬃ
NM
EDﬁﬂ$¯J
E		VD ﬀﬁﬂﬃ ﬁ 3ﬃ K  KL
M
E Dﬁﬂ¬I@·¤¦ª¬Eﬃ  !
D EMN	QE !KL	$°c'









³uECD@Eﬃ £EHK}E ﬁ Eﬃ ﬀ¤  ﬁﬂ
¥ E EJ		 !   §¬­"I@  ·   I%¥
¸
I@   ﬀﬃ# ECJEJN E 	ﬁ Dﬁ 	QEﬃ!PKL·V!PMN ﬃﬂﬃ 
	KL·6! ﬀﬁﬂ:-Vﬁ =!/DNﬂD@	5ﬃ EJﬃﬁ K6bMNﬁﬃ /!1ﬀ^EJﬁ :MN
3K6	ﬃFE  	Eﬃﬂ"K6KLN
ﬁﬂ=	QE¡K}EJD EJﬃﬂ£Eﬁ  
°c)Q¬- E£/	E/ﬁ  ! ﬁﬂﬃ ﬃ '! MNQEﬁQD£EJﬁﬂDEJﬁﬂK6N !   § ¥d "·
  ­"I%
 
#\D}MNﬁ  :	QEJ) ECJEJNEL!Dﬁﬂﬁﬀ!QE)ﬃ LD£EJH ﬃ Eﬃ £E/ : ﬁﬂgD£E
!
ﬁﬂﬃ ﬃ H!=MNQEJNﬁQDEJﬁ 	ﬁ K}Eﬃ 'N6!ﬁﬂ	ﬁﬂﬃﬂH!QE6D=DE$cKLEﬁ Hﬃﬂ-!·Vﬁﬂ6!QE5ﬃﬂ
 E
´¦¯ ³¨"­©Pª  ´ ¨¡¯
D£EJ"ﬃ# Eﬃ £EL  	ﬃﬂ ﬁ Y°c ﬀ  ﬃﬂKL·V!"!HMNQENﬁQDEJﬁﬂ®	  
VDK6K6¡!PDE	EﬁﬂDﬃﬂﬁ !





MNﬁ ﬃﬂ"ﬁﬂ!ﬁﬂD£Eﬁ D!¡Dﬃﬂﬃ ﬃﬂ! 7ﬁ ! *ﬁ ﬃﬂﬃ )!5MNQEﬁD£EJﬁﬂ	V¤
ﬁ K}EJﬃ  <ª 	!EN$¡KL·V!ﬁ N3	QE!=3ﬃ QEJ3!
ﬀaDﬁﬂ !6ECﬁﬂ





!QE¡ﬃ# 	ﬁ "!¡Dﬃﬂﬃﬂﬃﬂ! 7¹ﬂ ﬃ# E "!5	ﬃ ﬀ KL
:D5		 :ﬃﬂVD£EJ  D'MVﬁ¬ 5	ﬁﬂﬃ '!QEJ:'K6V!'K}Eﬁ )	E:!QEJ   §¬¥7 
   ­"I%    Y!ﬁ ¡£ED	gﬃ 5KH:!6Dﬃ ﬃﬂﬃ 
!-ﬁ ﬃﬂﬁ !QE¡ﬃ# Eﬃﬁ K6H	¡
	Dﬁ ﬁ '! 	aﬁﬂ 	QEJﬁ P´ 




!"ﬀaDﬁﬂﬃﬂEﬃ 3!NP®	:MN ﬃ ﬃﬂNﬁ EJ		VD ﬃ VEﬁﬂﬀaD·ﬁﬂ!
	ﬁ
 !¬D! ﬃ# 	ﬁﬂJª Dﬁc	QE ﬁ Dﬃ ﬁ K6Nbﬁﬂﬃ  EJ! !ﬁﬂK6ﬁﬂ)	
ﬁ b!cE		 ﬀﬁ K}Eﬁ \!H	ﬁ ! ﬃﬂEDE£D  ﬀ^Eﬁ ﬃﬂ7D  ! D£Eﬃ Dﬃ
ª % ﬀ	®! Eﬃﬁ K6 7QE®'!'ﬁ 'ﬁ '}!'QEJ'! ﬀaDﬁﬂ$MN










ﬃﬂﬁ K6ﬁ 3DNEﬃ P	
D·LKL·V!LE/6KLN5!QE   ª¬±¶¥7 #\­L	ﬃﬂ¶ﬃ# ﬁ !5MNLﬃ#  	)DNEﬃFED
ﬃﬂ'	ﬃﬂKL'!/ﬃﬂE E!/!ﬁﬂK6ﬁﬂ !
X
	QE: D ﬁ !5QE6! ﬀaDﬁﬂH
ﬀ^Eﬁ ¬=Eﬃﬁ K6P		ﬃFEJﬁﬂP!QEﬃﬂ!K}EJﬁﬂP!"ﬃ E		Nﬁ E*	^  EJﬁﬂﬁﬂDEﬃTﬃﬂEﬁﬂ3 °c
T$¶!QE!
	ﬃ K6¡! EJ!6!ﬁ KLﬁ vL	)L	KL·6!6£EJﬃﬂﬁ "!
	QE£JEﬁQ!¡ﬃ# 	QED¡!¡ﬃﬂE)JEJﬁFEJﬃﬂP!  E
X
	^DKLK6!QEJﬃﬂK6V!!¡MNQEﬁQD£E ¤
ﬁ  	QE"ﬀK6	ﬃ  Y·ﬃ#  E/D !/D ﬁ  !6
ﬀaDﬁﬂ¡!5QEb¨ 
!QE     "³
M M
Y   ° ﬃF ¶!EQEJﬃ V3! Eﬃﬁ K6	VD 3!¡DﬃﬂﬁvMV3EQEﬃ V
ﬁﬂDﬁ#Y&
SN`cSVW ¶UQW ,9> 024S .,=]^U`bh SVe[B@Vh S 2ºf[ . >   W¶f-,Ch S 0fW\W\UQ[ ..UQW0S?> ¶S .fTW , J ,CU  ]^[^S .
¶S. cf<hJW¶S . d24SNh hS¶h . SVW 2 fTW0, [afTW¶S ,Cf . ]aS .®`bUh UQeI@3,£hS . ¶S]¦24UQ]BAf<h[ ,CZbeS ﬂ0S
 \[7`cSNhegS , ¶S@]aS. 2ºUQ[ahS Uh[aSNh .£[^e \] ,£UQWJVegSVW ,


*"Wf  ,Ch S?>024S .,:]^U%`\hSVe[B@Nh S 2ºf[ .
 ¶S .fW , \[.09 , J .5S9NY`b]_[ 0[ ,£SVegSVW , \[JVh SVW , .50Z¶fT[ N ¶S 2ºfW 0, [afW . \SbU.S \[¬`cSNh£X
egS ,,CSVW , \S@hS ,Ch f  SVhLW\eQJNh[ ¶SVegSVW ,5]aS.HhK@;A]^S . ¶S  Uh[aU), [afTW .[_e \] ,£UQWJNS

ª ·
EQEJﬃ VP¬	QEJEﬁ  ﬀa!QEK6 Eﬃ 3D£E ﬁ ﬃ  	E¬!'¬ﬁ Nﬁ ﬁﬀv!PE£ﬁﬂDKLK6 ﬀ^Eﬁ 
JEJﬁﬂD	EEK6	Tﬁ )	Dﬁﬂﬁﬂ@!ﬁﬂ}G®KLEEﬁﬂ3D ﬁ @!
EﬁﬂEJﬁ 
ﬁ KHﬃ E:D!ﬁ  !=}EJDL!6D D}!6ﬃ# Eﬃﬁ K6H !/6DﬂD






·D ﬁ !%ﬀaD·ﬁ "!5QEJ5!QE¡ﬃ "DKLK6ﬁﬂH!QEﬃ EJﬃﬁ4K6HTD·
D·PEﬃﬁ K63	QEEﬁ   ¡3	K6 	^ EJ!¡!ﬁﬂK6ﬁﬂ  !	QEE
&












      
	  -B(< 2 
­E¬PDP¬Dﬁ !¬!¬MNQEJﬁﬂ !ﬁTNﬁﬂﬃﬂﬃ   VD QE ﬁﬂMNJ¤
E!  :ﬁ N JEﬃﬂﬃ 
[0, T ]
HﬃﬂED!ﬁ ﬁ KLﬁ QEﬃ d· ﬃﬂ!ﬁ    	ﬁﬂK6  ﬀaD·ﬁ 







 3ﬃ ﬁﬂMNﬃﬂﬁﬂﬀa!"ﬃ MNQEJﬁ -!ﬁT·¤
Nﬁﬂﬃ ﬃﬂPVD QE ﬁ MV


















d× q <¯3ﬁﬀa!QEﬃﬂD QEJ	ﬁ ﬃ V	6G
> v`7f-, Z@ .S

 ∀i  1 ≤ i ≤ d  ,	  $ !
   $ bi(t, x) 
 σi(t, x)   $
 $    ﬂ#$
  ﬀ
 !'




(t, x) ∈ [0, T ]× Rd ﬂ





ﬃﬂ"K6ﬁ @!3!¡D E	ﬁ  
­P } KL	ﬃﬂ!DMNPE
X
!QE ﬃ  EJ		ﬃ ﬁﬂD£Eﬁ 7QED¨5)ﬀ











°c%EJ		ﬃﬂﬁ MNQENﬃﬂE ﬀaKHﬃﬂP! ´º 
Ut = log(St)
ﬁ MNQEN!:ﬃﬂﬁ ﬃFEH!VQEK6ﬁﬂMN










ﬁQHﬃ ﬀ	J') \­E)ﬃ 
	QE ﬁ ´3·¡´´ v®E-MN5ﬃ ﬃ  EJ"	NNJEﬃﬂEﬃﬂ"ﬃFE}ﬃ :NV	
) E		3! ﬁﬀaK6ﬃﬂﬃﬂﬁ 	ﬁ Dﬁ PﬃFEHKLEJﬁ D
σσ∗
Oﬁﬂﬁv	ﬃ 	QEJﬁ ´d´´ 





































'!¬DEN!"±Yﬁﬂ	D ﬁ  !ﬃﬂE






























¯ Eﬃ ﬃﬂ%!ED 	QE ﬁﬂg		 Eﬃﬁ K6	ﬃﬂEﬃ ﬁ ! MNQEﬁﬂ
!ﬁ ﬁ ﬃ ﬃ ) VD QE ﬁﬂMN5E!ﬃ	^°d­
¸
³" 7ª ·/	Eﬁﬂ'E®!'ﬃﬂﬁﬂ !® E ﬁ Dﬃﬂ










Ł sxql=|. j mut@ '| | t sxvymxl@pt@kr |

      
	  
¯Dﬁﬂ!3!QEJ3D	QEJﬁ "ﬃ MVEJﬁ /E!"ﬁ JE5G







	^´   /

f : [0, T ] × Rd × R × Rq → R EJ		ﬃ ﬃﬂ:MN X 
ﬃFE-ﬃﬂﬁﬂ!6ﬃ# MNQEJﬁﬂ
!ﬁ ﬁ ﬃ ﬃ VD QEJﬁ MN@!ﬁ KLﬁ 
d
G














d× q ﬀ¯3 ﬁ!
ﬃ EJﬀO  
	\!bE		Tﬃﬂ\!ﬃ  EJb ﬃ b°7­
¸
³














> v`7f-, Z@ .S%A

  -ﬂ# #ﬂ
f
+ 
   +-
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E|Zt − ZNtk |2dt
≤ C((1 + |X0|2)h+ E|Φ(X)− ΦN(PNtN )|2).
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|f(s,Xs, Ys, Zs)− f(tk, XNtk , Y Ntk , ZNtk )|2ds












E|Xs −XNtk |2 + sup
tk≤s≤tk+1
E|Ys − Y Ntk |2)
	^´   
}ﬁﬂﬃﬂﬁ Ed	dﬃFE¡!ﬁﬂﬁ $Eﬃﬂﬁ MN
f




φ : [tk, tk+1] → Rq ﬃﬂMN 1hE
∫ tk+1
tk
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E|Ytk − Y Ntk |2
≤(1 + Ch)E(|Ytk+1 − Y Ntk+1 |2) + Ch(h+ sup
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tk≤s≤tk+1
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E|Ytk − Y Ntk |2
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max
0≤k≤N
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(αi,I0,k, · · · , αi,Iq,k) =
arg inf
(α0,··· ,αq)





θi,Ik = arg inf
θ
E(Y N,I,Itk+1 + hfk(α
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1 ≤ l ≤ q,













	^´  ) 
Y N,i,Itk = Pp0,k
(
Y N,I,Itk+1 + hf(tk, X
N
tk















!/K6¡´  :	  ¡!ﬁ ﬀﬁ ¡=	ﬃ ﬁ E	
*",CU`7S/G))	ﬃ ﬁﬂK6ﬁ QEJﬁ ¡	
E|ZN,i,Il,tk |2




i ≥ 1 ¶°cYLE		ﬃﬂﬁ D£EJﬁ !5ﬃ ﬁ $EJﬃ ﬁ H!Lª¬ED N¤ ¸ D ¬E L!











¤ºKLEﬃ ¬-ﬁ ﬃﬂﬁ EﬃFE
		ﬁﬂ·!DNED·ﬁ }!ﬃ 	EJ










2 − E[Ek(Y N,I,Itk+1 )]2
)
.
	^´  )   
ª K6K6





!QEJ*	a´  )    ) ﬃﬂDDﬁﬂEﬃ





























χN,Ik : Y ∈
L2(Ftk) 7→ Pp0,k
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Y N,I,Itk+1 + hf(tk, X
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i ≥ 1
E|Y N,i,Itk |2 ≤(1 +
1
h
)E|Y N,∞,Itk − Y N,i,Itk |2 + (1 + h)E|Y N,∞,Itk |2
≤(1 + Ch)E|Y N,∞,Itk |2.
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0 ≤ k ≤ N − 1
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0,k+1 · pm0,k+1)− ρˆN,m0,k+1(αI,I,M0,k+1 · pm0,k+1)
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|θ∞,I,Mk − θ∞,Ik |2) ≤ C
²k
hM
+ (1 + Ch)E(1AM
k
|αI,I0,k+1 − αI,I,M0,k+1|2).
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αI,I,M0,k+1|2) ≤ (1 + h)E(1AMk |α
∞,I
0,k+1 − α∞,I,M0,k+1 |2) + ChI−1
(












1 + |X0|2 + E|ρN0,k+1(PNtk+1)|2
+ E|ρN0,k+2(PNtk+2)|2
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1 + |X0|2 + E|ρN0,k+1(PNtk+1)|2 + E|ρN0,k+2(PNtk+2)|2
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+ (1 + Ch)E(1AM
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GM = (CMk (αi,Ik ), DMk )i≤I−1,l≤q,k≤N−1 w→ .
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[ψ]y(·) = −Cy(R) ∨ (ψ(·) ∧ Cy(R)),
[ψ]z(·) = −Cz(R) ∨ (ψ(·) ∧ Cz(R)).
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Cy(R) = exp({2γ∗ + 1 + γ
∗
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|Y N,Rtk |2 ≤ (1+γh)|Etk(Y N,Rtk+1 )|2+2(h2+
h
γ
)|fR(tk, XNtk , 0, 0)|2+2C2f (h2+
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γ
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|Y N,Rtk |2 ≤(1 + γh)|Etk(Y N,Rtk+1 )|2 + 2(h2 +
h
γ
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h
γ
)Etk |Y N,Rtk+1 |2
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|Y N,Rtk |2 ≤(1 + γh)|Etk(Y N,Rtk+1 )|2 + 2(h2 +
h
γ
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h
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h2)Etk(|Y N,Rtk+1 |2) + 2(h2 +
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|Y N,Rtk |2 ≤ (1 + {2γ∗ +
1 + γ∗
q
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|fR(ti, XNti , 0, 0)|2}.
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|Y N,Rtk |2 ≤ exp({2γ∗ +
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E|Y N,Rtk − Y Ntk |2 + hE
N−1∑
k=0
|ZNtk − ZN,Rtk |2
≤CE(|φN(PNtN )− φN,R(PNtN )|2) + ChE
N−1∑
k=0
|f(tk, XNtk , Y Ntk+1 , ZNtk )− fR(tk, XNtk , Y Ntk+1 , ZNtk )|2.
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Etk |f(tk, XNtk , Y Ntk+1 , ZNtk )− fR(tk, XNtk , Y Ntk+1 , ZNtk )|2
+ Etk |Y Ntk+1 − Y N,Rtk+1 |2 + |ZNtk − ZN,Rtk |2
)
.
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|ZNtk − ZN,Rtk |2 ≤
C
h
{Etk(|Y Ntk+1 − Y N,Rtk+1 |2)− |Etk(Y Ntk+1 − Y N,Rtk+1 )|2}.




|Y N,Rtk − Y Ntk |2 ≤(1 + Ch)Etk(|Y Ntk+1 − Y N,Rtk+1 |2)
+ ChEtk |f(tk, XNtk , Y Ntk+1 , ZNtk )− fR(tk, XNtk , Y Ntk+1 , ZNtk )|2.
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|f(ti, XNti , Y Nti+1 , ZNti )− fR(ti, XNti , Y Nti+1 , ZNti )|2.
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hE
∑N−1
k=0 |ZNtk − ZN,Rtk |2
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E|Y Ntk+1 − Y N,Rtk+1 |2 − E(|Etk(Y Ntk+1 − Y N,Rtk+1 )|2)
]




E|Y Ntk − Y N,Rtk |2 − E(|Etk(Y Ntk+1 − Y N,Rtk+1 )|2)
]




















|ZNtk − ZN,Rtk |2
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|yN,R,Mk (PN,mtk )− yN,Rk (PN,mtk )|2






|yN,Rk (x)− yN,R,Mk (x)|2µk(dx)

























|zN,Rl,k (·)− zN,R,Ml,k (·)|2µk(dx).
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E˜k+1 = E(·|F˜k+1) 
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pm0,k{yN,Rk+1 (P˜N,mtk+1 ) + hfR(tk, XN,mtk , yN,Rk+1 (P˜N,mtk+1 ), zN,Rl,k (PN,mtk ))},
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fR(t, x, y, zl) = f
R(t, x, y, (zl)1≤l≤q)








α0,N .p0,N (·) = φN,R(·) 
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[Pl,k]y = {[α.pl,k(·)]y, α ∈ RKl,k} ¨H 	QE Kl,k(ω) 	 0 ≤ k ≤ N−1, 0 ≤
l ≤ q  ﬃﬂ"EJ6!ﬃﬂE:KLEJ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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¬ (pl,k(PN,mtk )∗)1≤m≤M








1 < β ≤ 2 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AMk = {∀ψ ∈ [P0,k+1]y − yN,Rk+1 (·) : ‖ψ‖k+1,M˜ − ‖ψ‖k+1,M ≤ h
β+1
2 }. 	^´´  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T1,k,M = ‖yN,Rk (·)− β
M
0,k.p0,k(·)‖2k,M ,
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T2,k,M = ‖{α1,M0,k − α1,M0,k }.p0,k(·)‖2k,M ,
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 £ 
T3,k,M = ‖{β2,M0,k − β
2,M
0,k }.p0,k(·)‖2k,M ,
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 

T4,k,l,M = ‖βMl,k.pl,k(·)− zN,Rl,k (·)‖2k,M ,
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 C
T5,k,l,M = ‖{αMl,k − αMl,k}.pl,k(·)‖2k,M .
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E‖yN,Rk (·)− [αM0,k.p0,k]y(·)‖2k,M ≤ET1,k,M + (1 + Ch)E(T2,k,M )









[yN,Rk ]y = y
N,R
k
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|yN,Rk (PN,mtk )− αM0,k.pm0,k|2.







































|yN,Rk (PN,mtk )− α.pm0,k|2.
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|(β1,M0,k − α1,M0,k ).pm0,k|2









|(β2,M0,k − α2,M0,k ).pm0,k|2.





































































|E˜k+1{yN,Rk+1 (P˜N,mtk+1 )− [αM0,k+1.p˜m0,k+1]y}|2.
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|(β2,M0,k − α2,M0,k ).pm0,k|2.
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|zN,Rl,k (PN,mtk )− [αMl,k.pml,k]z|2.






|yN,Rk (PN,mtk )− yN,R,Mk (PN,mtk )|2





























|zN,Rl,k (PN,mtk )− [αMl,k.pml,k]z|2.
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|zN,Rl,k (PN,mtk )− αMl,k.pml,k|2
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|E˜k+1{yN,Rk+1 (P˜N,mtk+1 )− [αM0,k+1.p˜m0,k+1]y}|2
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|yN,Rk (PN,mtk )− yN,R,Mk (PN,mtk )|2
 
E












|E˜k+1{yN,Rk+1 (P˜N,mtk+1 )− [αM0,k+1.p˜m0,k+1]y}|2





































|E˜k+1{yN,Rk+1 (P˜N,mtk+1 )− [αM0,k+1.p˜m0,k+1]y}|2.
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γ = C








|yN,Rk (PN,mtk )− yN,R,Mk (PN,mtk )|2




|{yN,Rk+1 (P˜N,mtk+1 )− [αM0,k+1.p˜m0,k+1]y}|2






{T4,k,l,M + T5,k,l,M}. 	^´´   
¤








ﬃ# E"ﬀ^EJﬁ  !
ﬃ# Eﬁ !3!Pﬃ# KLN
AMk





























ª¬«O¥c´  ³3°  @OP¯OP± 
¸
° ­P° ±  O±\µ¨¡³´  «I@°
ﬁﬀ)ª K6KLED 	ﬃﬂbQE$JD K6 cﬃﬂEDMND!ﬁﬂD· !Hﬃ K6KL7!
µ"¬Eﬃ ﬃ !ﬁ D ﬁ  E ﬀaK6 !QE ﬃﬂE 		ﬁ ﬁﬂ ´´   ﬃﬂ K6
E‖yN,Rk+1 (·) − [αM0,k+1.p0,k+1(·)]y‖2k+1,M˜












‖yN,Rk+1 (·)− [αM0,k+1.p0,k+1(·)]y‖k+1,M˜ − ‖yN,Rk+1 (·)− [αM0,k+1.p0,k+1(·)]y‖k+1,M
)2
+
+ (1 + h)E‖yN,Rk+1 (·)− [αM0,k+1.p0,k+1(·)]y‖2k+1,M .













c) + (1 + h)E‖yN,Rk+1 (·)− [αM0,k+1.p0,k+1(·)]y‖2k+1,M .






|yN,Rk (PN,mtk )− yN,R,Mk (PN,mtk )|2
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≤ET1,k,M + (1 + Ch)E(T2,k,M ) + Chβ
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|fR(tk, XNtk , yN,Rk+1 (PNtk+1), zN,Rl,k (PNtk ))|2
∣∣∣∣PNtk = x′
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|pm0,k.(α1,M0,k − α1,M0,k )|2 = (pm0,k)∗
B∗
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{V − E˜k+1(V )}
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m) ≤E˜k+1|fR(tk, XN,mtk , yN,Rk+1 (P˜N,mtk+1 ), zN,Rl,k (PN,mtk ))|2















































































































































E(Y 2|X) ≤ Cy(R)2.
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a+ b ≤ √a +√b 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Xm = Um{|gj(P˜N,mtk+1 )|2 − |gj(PN,mtk+1 )|2}
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(|gj(P˜N,mtk+1 )|2 + |gj(PN,mtk+1 )|2).
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∫ |yN,Rk (x)− yN,R,Mk (x)|2µk(dx) 6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T1 = 2 max{‖yN,Rk −yN,R,Mk ‖k−2‖yN,Rk −yN,R,Mk ‖k,M , 0}2

T2 = 8‖yN,Rk −yN,R,Mk ‖2k,M
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, [P0,k]y + Cy(R), PN,1:2Mtk ).






























log(x) ≤ x 
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P+0,k =
{{(z, t) ∈ Rd′ × R : t ≤ g(z)} : g ∈ P0,k}
⊂{{(z, t) ∈ Rd′ × R : α.t+ g(z) ≥ 0} : g ∈ P0,k, α ∈ R}.
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, [P0,k+1]y − yN,Rk+1 , (PN,mtk+1 )1≤m≤M , (P˜N,mtk+1 )1≤m≤M
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{|yN,Rk+1 (P˜N,mtk+1 )− yN,R,Mk+1 (P˜N,mtk+1 )|2 − |E˜k+1{yN,Rk+1 (P˜N,mtk+1 )− yN,R,Mk+1 (P˜N,mtk+1 )}|2}.


























{|yN,Rk (P˜N,mtk )− yN,R,Mk (P˜N,mtk )|2 − |E˜k+1{yN,Rk+1 (P˜N,mtk+1 )− yN,R,Mk+1 (P˜N,mtk+1 )}|2}.
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|yN,Rk (P˜N,mtk )− yN,R,Mk (P˜N,mtk )|2
=E‖yN,Rk − yN,R,Mk ‖2k,M˜
≤(1 + h−1)E
(
‖yN,Rk − yN,R,Mk ‖k,M˜ − ‖yN,Rk − yN,R,Mk ‖k,M
)2
+





c) + (1 + h)E‖yN,Rk − yN,R,Mk ‖2k,M .
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|zN,Rl,k (PN,mtk )− [αMl,k.pml,k]z|2.









m=1 |yN,Rk+1 (P˜N,mtk+1 )− [αM0,k+1.p˜m0,k+1]y|2
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m=1 |yN,Rk+1 (PN,mtk+1 )− [αM0,k+1.pm0,k+1]y|2
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, [P0,k+1]y − yN,Rk+1 (·), (PN,mtk+1 )1≤m≤M , (P˜N,mtk+1 )1≤m≤M
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|[αMk+1.pmk+1]y − y(tk+1,Wmtk+1)|2 = (1 + h)²k+1.
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−dYt = −(θ(t,Xt)Zt + rYt)dt− ZtdWt,
YT = φ(XT ),
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∣∣E( exp(−rT )φ(XT )ξT )− E( exp(−rT )φ(XNT )ξT )∣∣
+
∣∣E( exp(−rT )φ(XNT )ξT )− E( exp(−rT )φ(XNT )ξNT )∣∣
+
∣∣E( exp(−rT )φ(XNT )ξNT )− E( 1(1 + rh)N φ(XNT )ξNT )∣∣.






= exp(−rT )− exp(−N log(1 + rh))
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k′, p ≥ 1 ﬂ
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φ ∈ C∞b (Rm)
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Hα(F,G) ∈ D∞ 







































  #ﬂ 
$ﬃ+ 
  ﬂ #, 
n1, n2

   %$-"!
k, d, d′, b, b′








 #,    
‖Hα(F,G)‖p ≤ C(p, α)
(‖γ−1F ‖n1k ‖F‖n2d,b‖G‖d′,b′).
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EH(Z)t = E(Z)t{H0 +
∫ t
0+
E(Z)−1s d(Hs − [H,Z]s)}
 E(Z)t = exp(Zt − 12 [Z,Z]t) ﬂ
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≤CpE|DuξNtk |p + CpE
∣∣h i−1∑
j=k
|Du[ξNtj θ(tj, XNtj )]|2
∣∣ p2
≤CpE|DuξNtk |p + CphE
i−1∑
j=k
|Du[ξNtj θ(tj, XNtj )]|p














E|DuξNti |p ≤ Cp(1 + E|DuξNtk |p).








E|DuξNti |p ≤ Cp(1 + E|ξNtk−1|p).
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exp(−rT )ξT∂xφ(XN,λT )(XT −XNT )
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∣∣E( exp(−rT )φ(XNT )ξT )− E( exp(−rT )φ(XNT )ξNT )∣∣
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∣∣E( exp(−rT )φ(XNT )ξT )− E( exp(−rT )φ(XNT )ξNT )∣∣ ≤ Ch|||φ|||2.
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η(s))− θ(s,Xs)] + ξNη(s)θ(η(s), XNη(s))θ(s,Xs)(Ws −Wη(s))
=ξNη(s)[θ(η(s), X
N
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supN,k ‖ξNtk‖k′,p < ∞
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σi(s,Xs)dWs, 1 ≤ i ≤ d
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Yt ≥ g(t,Xt), t ≥ 0,
∫ T
0
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g(t, x) = ψ(t, exp(x))
E£D
ψ(t, ·) Dﬀ<OPﬁ ﬁ/ﬁ ﬃ 














g(t,XNt ) = ψ(t, exp(X
N












tk ≤ t < tk+1
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−d∆Yt = [f(t,XNt , Y N,0t , ZN,0t )− f(t,XNt , Y˜ N,1t , ZN,1t )]dt− (ZN,0t − ZN,1t )dWt + dKN,0t .
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D = ∪i1,··· ,id′Di1,··· ,id′

Di1,··· ,id′ =]P0,1−R+ i1δ, P0,1−R+(i1 +1)δ]×· · ·×]P0,d′−
R + id′δ, P0,d′ −R + (id′ + 1)δ] 
¯<7ﬁﬂ 	ﬀ
5ﬀ













































, 1 ≤ l ≤ q.
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0 ≤ l ≤ q 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Ck,i = {x : |x − PN,M+itk | < infj 6=i |x − PN,M+jtk |}
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a V
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f(t, x, y, z) = −θz − ry. &MsUo\lMpCfsUt\lBu JsUn9lGnu5j5qMj23j5x\~+j u<pfwB~+j>y\wGn Uj<w
f
j5lGq6t\sUt3T ~9n+t\|p?n+w)jBpfn+l tJsUo\l6xsfoUsUt\l6t\<pft\8sUn+t\l u<sUtJtFpfn+q)w)jM~_p"?pf~+j<o\w
Y0
4 a t{j j5q<;3~+jMy\w)n Uj<w
f
l)j wG<5u<w)n q
f(t, x, y, z) =− µ−R
σ






e6j>yJj<w)tJn9j5w6qkj5w)8jmqCpftqZ~9j y\w)n Uj<wu5sUw)wGj<lGxsUt\yFpftqM,-o\t\jmyJ@ tFpf8no\jmyJj>xsfwGqkj=Łj<o\n+~9~+j u5~_pflGl)no\j
pCfj<u{o\t o\tJno\jqCpfo 2 y#.Ln9tqk<wG75q
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pfn9l sUtlkpfn q <*p?~9j5j5tq y\pft\l ~9jMu<pfl6yJj~9p wG<x\~+n9u<p?qkn+sUtyFpft\l ~+j
8s y<~+jMR6~_p?u SUTWV u JsU~9j5lo\jxsfo\w u<sUoﬀ3wGn9w ~ .IsfxJqkn+sUt#;U~+jUj5t\y\j5o\w6y\j w)p(q)sUoﬃGsUoJw)l j<8x\wGo\tq)j<w , ~_p
 
pft oJjf;3u?.Lj<lGqWT ,rT y\n9wGj!o\jf; l)n sUtvtJsfqkj
(Y BSt , Z
BS
t )
~+j<l l)sf~9oJq)n9sUtJl yJj ~/.Ia bmVJd pfl)lGs u<n+<jpfoy\w)n Uj<w
−µ−R
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z − Ry ~+j ~9sUtJ*zy\j~_p{l)sf~9oJq)n9sUt (Y BSt , ZBSt )
jq



















u<sfxFp?w)j5w ~9j5l p?~9*UsUwGn qkJ8j<l p£Uj<usUo lkpftJl lGn9 o\~_prqkn sUt(y#.Ln9t\u5w)5j5tq)l
 
w)s10Bt\n9j5t\l pfo323n+~9n9pfn w)j5l<;rt\sfo\l
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Prix avec browniens auxiliaires
Prix sans browniens auxiliaires
Prix Black-Scholes             
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN
,3 t 1 P˜N
,3 t 1
+-,/.















Couverture avec browniens supplémentaires
Couverture sans browniens supplémentaires
Couverture Black-Scholes                 
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN












7 Avec browniens auxiliaires
Sans browniens auxiliaires
P0
t 0 t 1 t 2 t 3 t 4 t 5
PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN













t 0 t 1 t 2 t 3 t 4 t 5
PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN
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~_p ~+s u|pf~+n+lkprqkn+sft#4d pfxJxj<~9sft\l j<tMLFt  oJj~/.Ipfx\xJw)s123n+p?qkn sUtw)5l)o\~ qCpftq6yJj ~/.Ipf~9*fsUwGn q)\8jByJj ~_p xFpfwGq)n9j
'G'6j5lGqMt\sfqk5j
(
yN,R,M (PN), zN,R,M (PN)
)
4
& sfo\lMpf~9~+sUt\lyJ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'  4LK\4 iP^pIHUj<u o\t	xFpfwkp? qkw)j
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(PNtk )|yN,Rk (PNtk )− yN,Rk (xi1,··· ,id′ )|2
)












4 a t	xsUlkp?tq , x\w)5l)j<tq
η = δh−
1
2 → 0 xFpfwZ@ xsfqk<l)j?;sUt	s  qkn+j<tq
inf
α
E|α.p0,k(PNtk )− yN,Rk (PNtk )|2 ≤ Chη2 + Cy(R)2P(PNtk /∈ D).
iPN&Z
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Q
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#`  & ca bma V ﬀ md 
BdMa V
bj5l u<pf~+u<o\~+lZl)n98n+~9p?n+wGj<ll)sUtq=H?pf~9p  ~+j<lZxsUoJw
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|zN,R,Mk (PN,mtk )− zN,Rk (PN,mtk )|2
≤C(hβ′−1 + η2) + CCy(R)2
N−1∑
k=0
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5l)j5tqkj5l
y\j5l-lGn9 o\~9p?q)n+sft\l
(PN,mtk )1≤m≤M
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Kl,k(ω) ≤ (2Rδ )d
′ l)sUn q
















|zN,R,Mk (PN,mtk )− zN,Rk (PN,mtk )|2
≤C(hβ′−1 + η2) + CCy(R)2
N−1∑
k=0

































M ≈ h−(β+1+γd′) pIHUj<u β > β ′ sfts  qkn+j<tq
LFtFp?~9j<8j5tq  oJj(~+j<lBy\j5o32zqkj<wGj5lMn+xJ~9n oFpftq
M



























t oJ5w)n( oJj<l>t\sUoJl>sUtqkwGj<tqo\j~+j xFpfw)pf 5qkwGj
R
;:l<.Ln9~ j5lGq uC\sUn+l)n l)o8l)pf8j<tq *fwkpft\yy5l ~+j
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<u5n9y\sUtJl y#.LoJq)n T
~9n+l)j5wZoJty\sfvp?n9t\jmy\j>qCp?n9~+~+j L32Jj?4
iPNf
'  4cd a V `MV&	
 acdB'a V
   )=ﬀ ﬂ ﬀ ﬀ24/ 2:%) $98ﬂﬃ!$&% ) 2/1$&8 )=%:%) " ) ':ﬃ	
0/1)=% ﬂﬃ!) *
')ﬂ "&2><
& sfo\lcu<sft\l)n+y\<wGsUt\lc~_pm87<8jZa bmVJdj5qc~9j5l 75j5l H?pf~+j<o\wGlcy\jZxFpfwkp? qkw)j5lo\jMxsfo\w ~9jZuCFp?x\n+q)w)j



















~_p?w)*Uj5l8xsfo\w8t\j	xFpfl  n_p?n9l)j5w~+j<l8w)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u<sft\l)n+y\<wGsUt\lC^ j<lWq6j 23q)w)7<8j5j5tq wkpfwGjMj5q L32Jj5w
Cy(R)
,
100 = S0 = K
xFpfwkp?n+q qkw<l wkpfn+l)sUt\t\p  ~9j?4































N0 = 2 = M0
jq
δ0 = 50
4 &MsUo\l L32Jsft\lo\t\j&H?p?~9j<oJw y\j
αδ
xsUoJw~9po\j5~9~9j t\sfo\l
qkj5lGq)sUt\ly\n :5w)j5tq)j<l H?pf~9j5o\w)l y\j
αM







=ŁsUn9l>~ .Epf~+*Usfw)n qk\j1^;:~ .I5u|pfwWqGT qA@ xj8yJj8u<j8x\w)n 2 ;
~_p u5sUoMHUj5wGqkoJw)jz8sP@Uj<tJt\jﬃj<t
t0
j5q ~/.L<u|p?wGqGT/q @ xj{y\jﬃ~9p u5sUoMHUj5wGq)o\w)j?4 ﬀ sUo\w yJsUt\t\j5w o\t\jﬃn9y\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a t{*fwkpfl5; sUtvp(n9tJy\no\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uCFpo\j	H?pf~+j<o\wy\j
αδ
sUt l5.Ep?xj<w)u5j!H wkp l)o\w8~9j5l8*Uw)pfx\\n(o\j<l8u5n T p?x\w 5l<;o#.In+~Zj23n9lWqkj	o\t\j	Hrpf~9j5o\w
l)j5o\n9~ xsUoJw
αM
j<tvy\j5l)l)sfo\l6y\j ~_p/ oJj<~9~+jZ~/.Ipf~9*fsUwGn q)\8jZl)j5
 
~9jMtJj xFpfl u<sUt HUj<wG*Uj<w j5q6pfoy\j<lGl)o\l6y\j
~_p/ oJj<~+~9j n9~ u<sft-HUj5w)*Uj?4 ﬀ pfw j 2Jj5xJ~9j(xsUo\w
αδ = 0.6
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Couverture BS
P0


































































1      
1.5    
2      
2.5    
3      
3.5    
Prix BS
















































e 	 ﬀ ' Zd aK\4%  mdB' Z'
Q
&V '














1            
1.5          
2            
2.5          
3            
3.5          
Couverture BS
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Prix BS
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Couverture BS






























































αM > 1 	
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Prix algorithme   
Prix Black-Scholes
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Algo explicite           
Algo itérations de Picard
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Algo avec itérations de Picard
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Prix de référence
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN
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,1 t 1 P˜N
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t 0 t 1 t 2 t 3 t 4 t 5
PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
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P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
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,2 t 1 P˜N
,2 t 1 PN
,3 t 1 P˜N
,3 t 1
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Prix de référence
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN
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Prix de référence
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN
,3 t 1 P˜N
,3 t 1
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1                
1.5              
2                
2.5              
3                
Prix de référence
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN

















P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN

















































p?l)l)j Xz*Uwkp?t\y ^(y\o 75jvsUw)yJw)j o\jﬃu<j5~9~9j






  % 
    
B 

 	 $ '
 *!) "  ﬂ$ /;ﬃ!) *Bﬀ24/ *!)  "#/  
 @')(* , 0*!) ﬂ/;ﬃ  ﬃ ﬂ 
Q
tH?p q)wkpfn qkj5w~9jmu|p?lBy\o	8s y5~9j= pfuqksUwGn9j5~:xsUo\wZ~ .I HUsU~9o3qkn9sft{y\j<lZ=ŁsUwW0pfwGy\lZl)o\wB5~9j5u5q)w)n9u5n+q)mxsUo\w
8sUtq)w)j<w o\j5~9l8l)sftq~+j<lwG<l)oJ~+qCprqklﬂ oJj~9pqk\s y\jzy\sft\t\j	yFpftJl8u<j	u|p?l<4 a t xFpfwWqkn9u5o\~+n9j5w<; sUt
y\5l)n9wGj Hrpf~9sfw)n9lGj<wo\t\j sUxJq)n9sUtﬃu|pf~+~#j<o\wGsUx<j5t y\j p?q)o\w)n qk
T = 10
ﬃGsUoJw)l<4 `j l)sUoJlWT(ﬃ)p?u<j<tq j<lWq o\t
u<sftqkw)p?qZ=ŁsUwG06pfw)yzy\j y3@3t\pf8no\jﬂ
dF (t, T )









H?p?~9j<oJwp?t\t oJj<~9~+jf4 ` p H?pf~9j5o\wMy\o lWqkw)n+Sfj(j5lGq
K = 100
jq~9p Hrpf~9j5o\wMn9tJn+qkn9p?~+j>y\o lGsUo\lWT ﬃ)pfu5j<tq H?p?oJq
F (0, T ) = 100
4

















t p?x\x\~+no\j~ .Ep?~9*Usfw)n qkJ8j8yJ<u5w)n+q-yFp?t\l-~_p	xFpfwWqkn9j8'G' p HUj<u
~9j5l
 
































N=10,delta=2,HC     
N=20,delta=1,HC     
N=20,delta=1,HC(1,0)
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN












N=10,delta=2,HC     
N=20,delta=1,HC     
N=20,delta=1,HC(1,0)
P0
t 0 t 1 t 2 t 3 t 4 t 5
PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN

















































Φ(S) = (ST −K1)+ − 2(ST −K2)+ N  QVM$4	Q1ﬃ*.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BS1(R)− 2BS2(R)   "!
BS1(r)− 2BS2(r)   $#
BS1(r)− 2BS2(R) % '& 














N = 5 N = 20 N = 50
M D = [60, 140] D = [60, 200] D = [40, 200]


















































































































































































































N = 5 N = 20 N = 50 N = 50
M dy = 1
W
dz = 0 dy = 2
W
dz = 1 dy = 4
W










































































































































d = q = 1
U
p0,k = 1, x, · · · , xdy Jd=5@F3\G
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N = 5 N = 20 N = 50
M δ = 5 δ = 1 δ = 0.5
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D = [60, 200]2
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Prix théorique         
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN





















































HC            
HC(1,0)       
Prix théorique
P 0 t 0 t 1 t 2 t 3 t 4 t 5 PN
,1 t 1 P˜N
,1 t 1 PN
,2 t 1 P˜N
,2 t 1 PN
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XK'k]a=VYPSRjJ?Xl^ (R,Rq) a φ J?K kjPSk
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φt = 0 dP⊗ dt N o ^ o
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VYJ ^ RjK ^
E[%
a ∀x1, x2 ∈ Dd
|Φ(x1)− Φ(x2)| ≤ C sup
0≤t≤T
|x1(t)− x2(t)|
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{|Zt − Zti−1 |2 + |Zt − Zti |2}dt ≤ C(1 + |X0|2)|pi|
E&%
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ξ ∈ L2 W
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B]P&U]VWBMcPTVWBﬂPTCEU |f(t, y, z)−f(t, y′, z′)| ≤ C(|y−y′|+|z−z′|) ∀y, y′ ∈
R, z, z′ ∈ Rq, p.s. W
&VYVWV2Us?"C1A"bDB(UnP2+ZGWF
(St)0≤t≤T












Ft !"NﬂA"`TNﬂFZB(BﬂVk[FZRSFZC\U RSFZB(?"N]P$bDGWFZB+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Z ∈ H2T (Rq) 9
&d[-U
Y
FZB U ?"C!"N(A+ZFZB(Bﬂ?"B:!"N(`<[eVWB(V2b"GYFUﬂFZG ^E?"F
E(sup0≤t≤T |Yt|2) <∞ 9
&d[eV U
Yt = ξ +
∫ T
t





0 ≤ t ≤ T 9
&d[eVYV U
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Yt ≥ g(t,Xt), t ≥ 0,
∫ T
0
(Yt − g(t,Xt))dKt = 0,
Py[TF+
φ(·) ≥ g(T, ·) FOU















Y N,0t ≥ g(t,XNt ), t ≥ 0,
∫ T
0
(Y N,0t − g(t,XNt ))dKN,0t = 0.
&f.6mRU
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RjZ%Ng^ h = T
N
o

















































|Zt|2dt+K2T} ≤ C(1 + |X0|2)
E{ sup
0≤t≤T
|Y N,0t |2 +
∫ T
0

































+ |f(t,Xt, Yt, Zt)|,
















































Ker`VYPSR T?R_P V #
E
XZ\R
















L]R]^]^jJ^ Ft SNQX E rYX]R]^]^ G YRjZ RjK H Z\R]^jJ!XV  PSR]^%^V H G ^#pV G ^VYK H∫ T
0





Zt = Vt, dP× dt p.p. ^jJ?XPﬂﬁ RjK ^ RjZ  P R {Yt = g(t,Xt)} &f.6mt|6U
R
H
0 ≤ dKt ≤ 1Yt=g(t,Xt)[f(t,Xt, g(t,Xt), Vt) + Ut]−dt.



































Ker`VYPSR NQP J^ r?kjK'kjX VYPSR

























































































































































PSR (αt, 0 ≤ t ≤ T ) H RjP e JgR 0 ≤ αt ≤ 1 R H
dKt = αt1Yt=g(t,Xt)([f(t,Xt, g(t,Xt), Vt) + Ut]
−dt+ dA−t ).
6












t ∈ [tk, tk+1[ WZACwN(`ZB(A?DU Grq`F^E?dP[UﬂVWACNﬂ`OUﬂNﬂA"`TN]P("FC"ACwN(`ﬃ,d`ﬃ+na"VWF ("F4BﬂAGY?DU]VYAC (Y˜ N,1, ZN,1) ¡




















Y N,1t = Y˜
N,1































































































[|Y˜ N,1t |2 + |ZN,1t |2]} ≤ C(1 + |X0|2)
E
{|Y˜ N,1t − Y N,1t |2} ≤ C(1 + |X0|2)|tk+1 − t|.
6
F Uﬂa"`ZATNﬂXZRSF  m:("PTC"B #ﬀxA<oSbANﬂC"F GrqFZN(NﬂFZ?DN FOCEUﬂNﬂF
(Y N,0, ZN,0, KN,0)
FU

































[|Y N,1t − Y N,0t |2 + |KN,1t −KN,0t |2]+ ∫ T
0
|ZN,1t − ZN,0t |2dt
}
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T > 0 R
H
tk = kh N
E
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K ^ g1, · · · , gN : Rd → R H RjPIPSR e J;R%N E J!X HﬂE J H R # E K'L HfG E K
g ∈ G a G P Rc G ^ H R j = j(g) ∈ {1, · · · , N} H RjP e JgR
‖g − gj‖Lp(ν) < ²
R]^
H



















J?XlR6T?R G N VYX3XVjN`N E X H 
‖ · ‖Lp(ν)
op


























































































































g1, · · · , gN : Rd → R VTYRLhP V NQX E NQX G k H k e J;R N E J?X H E J H R g ∈ G a G P Rc G ^ H R j = j(g) ∈
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
o ﬀE
J?X z1, · · · , zM ∈ Rd a E K T?k)K GIH
s(A, {z1, · · · , zM}) =







JgR s(A, {z1, · · · , zM}) R]^ H PSR K E Z  X]R T?Rd^ E J`^ RjK ^ RjZ  PSR]^ T G ^ H G K'L H ^MT?R
{z1, · · · , zM} RjK G K H RjXl^ R]L H VYK H VTYR]LnT?R]^ kjPSkjZ\RjK H ^nT?R A o
^@Lx
.nm'| m K, wK$  >D>
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J`^ RjK ^ RjZ







JgR A #XV rYZ\RjK H R G ^ G
s(A, G) = 2M a Gfo R o ^ G H E J H ^ E J`^ RjK ^ RjZ  PSR\T?R G NgRjJ H  jH X]R X]R NQXlk]^ RjK H kh^ E J^ P V # E XZ\R
A ∩G N E J!X3J?KkjPSkjZ\RjK H A ∈ A o

oJf









H S(A,M) T?R A R]^ H T?k)K G L E Z Z\R
S(A,M) = max
{z1,··· ,zM}⊂Rd































^3Tlﬁ J?KdRjK ^ RjZ
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^ u VA T?R A R]^ H T?k)K G R N VYX


















R6J?K RjK ^ RjZ


















 CFE=GIH G J!K&R LjP V=^]^ R T?R # E K'L H G E K ^T?R Rd NQX]RjKQVYK H ^ R]^s=VYPSRjJ!Xl^ T`VYK ^ R oHp K
K
E=H
R G+ PSR_^ E J^ RjK ^ RjZ  PSR3T?R Rd+1 T?k)K G N VYX
G+ = {{(z, t) ∈ Rd × R; t ≤ g(z)}, g ∈ G}
^
E=GIH








K ^T?R G o
465879;:=<?>@BA
	 CFE=GIH G J!K'R LjP V=^]^ R T?R # E K'L HfG E K ^ g : Rd → [0, B] VTYR]L 2 ≤ VG+ < ∞ a ^ E=GIH


















 CFE=GIH G J!K R]^ N V?L]RqYR]L HﬂE X G RjP T?R\T G Z\RjK ^ G E K r T?R$# E K'L HfG E K ^\T?R Rd → R R H
^
E=GIH
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V ar(Y |X = x) <∞.
CFE=GIH









































































X1, · · · , XM T?R]^*=VYX G V  PSR]^ VYPSk V HﬂE=G XlR]^Xlk]RjPIPSR]^ G KQT?k NgRjKQT`VYK H R]^ oCFE=G RjK H
a1, b1, · · · , aM , bM T?R]^ Xlk]RjP ^ R H E K ^jJON`N E ^ R e JgR Xm ∈ [am, bm] VTYR]L NQX ET V G P GIH k 1 N E J?X















m=1 |bm − am|2
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^@L ^
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